Abstract: Childhood and adolescent obesity has increased drastically in the past 30 years. While this is troubling, there is also evidence of large disparities among certain ethnic groups such as African American and Hispanic children and adolescents. The Community-Based Participatory Research (CBPR) Model emphasizes a collaborative, co-learning, mutually beneficial, and community-partnered approach to research. Unique aspects of this model include viewing community members as equal partners in non-hierarchical teams, working together in a strengths-based, action oriented research process. This review consists of an investigation of the CBPR approach, its important tenets, and why such an approach may be more effective for childhood and adolescent obesity intervention program development, especially in stratified communities.
INTRODUCTION
The growing rate of childhood overweight and obesity [1, 2] suggests a need for more effective obesity prevention programs. However, it is no longer sufficient to directly translate findings from highly controlled trials to real-world community interventions in diverse environments, since these controlled trials do not account for variability in culture, resources and organizations [3] [4] [5] . Research in the past decade had started to show how holistic, community-based approaches using local resources can pave the way for a future of effective public health interventions [6] [7] [8] [9] . Childhood obesity is a complex problem with a complicated etiology. Thus, public health educators working with today's youth need to keep in mind the holistic components particular to the group of youth being studied [10] .
Community-Based Participatory Research (CBPR) is a collaborative approach to research that includes equal contributions from community members, organizational representatives and researchers in all facets of the research process. The approach allows participants to share their expertise in order to enhance knowledge and develop interventions that benefit the whole community [11] . CBPR represents a paradigm shift in bridging the gap between science and practice, *Address correspondence to this author at the Department of Human Nutrition, Kansas State University, 203 Justin Hall, Manhattan, KS 66502, USA; Tel: 785-532-0154; Fax: 785-532-1678; E-mail: martan@ksu.edu by bringing in community engagement to improve health outcomes [12] . The CBPR model incorporates the following tenets: it is a mindset and a collaborative approach to a research topic defined by what is important to the community, it involves and utilizes talents and abilities of all partners, and has the goals of improving health outcomes, achieving social change, eliminating health disparities, while everything is done in a sustainable manner [13, 14] . This review consists of an investigation of the CBPR approach, its important tenets, and why this approach is beneficial in informing researchers on intervention program development for stratified communities.
RACIAL AND ETHNIC DISPARITIES IN CHILDHOOD AND ADOLESCENT OBESITY
Racial and ethnic disparities are prominent in obesity prevalence among U.S. adolescent girls and boys. Although obesity rates have increased for boys and girls within each ethnic and racial group, there is a higher percentage of overweight and obesity in some ethnic subgroups such as African American and Mexican American children [2, 15, 16] . Figures 1 and 2 show that both African American and Hispanic children are more likely to be overweight than white nonHispanic children, but African American and lowerincome children have a higher incidence of obesity overall.
The main burden of childhood obesity has shifted from the high socio-economic strata (SES) to the low SES strata [17] . The CBPR model is often carried out in predominantly low-income communities and communities of color because of the viability of this model to address health disparities experienced by these communities [11] . These disparities in obesity cannot be explained solely on few factors only. Their complex etiology is dependent on multiple variables and interactions between those variables. Researchers have found a link between built environments and children's physical activity. For instance the lack of sidewalks, long-distances to schools, and busy streets discourage children from walking or biking to schools [18] . CBPR has the ability to expand the reach of research to influence policies targeted toward ending disparities [12] .
Increased Consumption of Energy Dense Foods
Darmon and Drewnowski recognized that lower income families are inclined to consume greater portions of high energy-dense foods [19] . The primary reason for this is these foods tend to be cheaper. Also, there seems to be a higher value placed on certain energy-dense foods because they are perceived as foods that people should be able to afford and enjoy [20] . If access to energy-dense foods high in fat and sugars had previously been low, such foods may be more highly consumed when available [15] . Dietary acculturation of certain ethnic groups may also influence consumption of energy-dense food [21] .
The CBPR model has been used successfully in community-partnered programs to address healthy food availability in low-income communities concerned with food insecurity [22] . Ethnic minority populations usually trend toward a higher level of environmental and psychological stress, associated with racial discrimination, violence, economic stress, concerns about economic security and personal safety, and perceived inability to improve their or their children's life circumstances. Coping strategies that include the use of food (often, energy-dense foods) are not uncommon and this behavior of using food to relieve stress increases the risk of obesity and obesity-related diseases [15, 23] .
Education Level
A common problem that exists in low-income and less educated people is lowered trust in the claims of scientific experts [24] . It is hypothesized that individuals who distrust science-based advice are more likely to be vulnerable to messages concerning dieting and "quick fixes", and this has shown to increase the risk of future obesity in adolescents [25] . Parents with lower education are hypothesized to be more vulnerable to food advertising that encourages consumption of "junk food" [26] . They are also more susceptible to underlying messages in entertainment programs which portray energy-dense foods in a positive way [27] . Lower education is also associated with lack of "lay knowledge", which makes nutrition education programs less comprehensible for people without higher education [28] . A very important tenant within the CBPR model is knowledge dissemination among both the community members and researchers involved in the project. Knowledge is gained and shared among all in an understandable and friendly way. Knowledge is not just something to be gained when working under the CBPR model, but it is acknowledged that ownership of that knowledge lies with the community [29] .
Lessened Physical Activity
Low-income neighborhoods and environments tend to be unsafe due to a higher proportion of criminal activity. This results in reduced physical activity environments for children in these neighborhoods and communities [30] . Parents of lower-income families are more inclined to view their "work" as physical activity, and seek sedentary rest and relaxation whenever possible [15] . Limited access to sports facilities and clubs may also contribute to less exercise in low-SES youth [31] .
The higher rates of obesity among ethnic minority and low-income children, when combined with the adverse health effects of childhood obesity, are likely to produce continued racial and economic differences in health outcomes. CBPR intervention components including community awareness campaigns, physical education enhancements, food service reform, and family outreach efforts have been observed favorable [32] .
ECOLOGICAL APPROACHES TO THE PROBLEM
New research strategies involve addressing not only individual-level influences and choices that lead to energy imbalance, but also the complex systems occurring at the interpersonal, community, and governmental levels. This comprehensive perspective involves the use of ecological approaches as one of the best ways to work toward creative solutions.
Our environment has changed radically in the past few decades, and continues to evolve in many ways. The current day obesity epidemic is hypothesized to be the result of the development of an obesogenic environment that promotes a combination of increased food (energy-dense) consumption and decreased physical activity [33] . Individuals and families are not isolated entities; they live and function in the context of neighborhoods and communities. Hence, they must be studied in that context. Effective community-based programming efforts are required to reach high-risk families and individuals to prevent and control obesity given the shift towards an obesogenic environment. Environments are complex and there are multiple dimensions of influence on person-environment interactions within any given setting. Successful interventions consider the multiple levels or dimensions that interact with family and child behaviors. Ecological approaches, addressing the built environment in which a certain community lives, help in identifying points of influence for health promotion interventions [18, 34, 35] . Several principles from the socio-ecological model (SEM), as detailed by Stokols, serve as valuable guidelines for developing context-sensitive community based intervention programs [36] .
The SEM is important to CBPR because it entails a community understanding of health and health behavior, and involves interdisciplinary approaches to interventions. Stokols states that it clarifies the complex relationships "among persons, groups, and their sociopolitical milieus" [36] . The SEM provides an excellent overarching framework for examining individual, organizational, and community factors in causes of childhood obesity [36, 37] .
Krug et al. write on the various structure levels which need to be addressed in order to positively impact overweight and obesity. These include the individual level (biological factors, knowledge, attitudes, traits), interpersonal (family, friends, peers, social identity), organizational (schools, churches, regulations, policies), community (social networks, neighborhoods, coalitions/organizations), and societal level (local, state, federal policies and laws, economics, education) [38] .
PARADIGM SHIFT TO CBPR
In the past, the field of public health has studied environmental and social determinants of health [39] . They also included public input in identifying and addressing public health problems [14] . Over time however, emphasis shifted from the former approach to the current one that stresses individual risk factors, and removes researchers and public health practitioners from the public and deems them as the health "experts" [40] . While the latter approach helps researchers gain more detailed and extensive information on individual level risk factors, it also has a huge drawback as it tends to obscure the contributions of social and environmental factors to health problems. This is most visible in the growing gap between the health status of rich and poor, white and non-white, urban and nonurban [40] .
In the early nineties, researchers started to revive the focus on an ecological approach. This approach recognized that individuals are embedded within complex social, political and economic systems, and these shape behaviors and access to resources necessary for good health [40] . Greater focus has also been placed on the translation and integration of basic research in intervention development and applied research. Moreover, greater community involvement in the research and intervention processes, for instance, through partnerships between academic, communitybased organizations, etc. has been emphasized [39] . This is advantageous because it increases sensitivity to diversity, as well as competence in working within diverse cultures.
Key Principles of CBPR
The following are key elements of the CBPR approach of intervention development as adapted from Israel et al. [14] . It is important to remember that the degree to which the research can achieve one or more of these principles may largely vary; and this variation will depend on context, purpose, and participants involved in intervention development. CBPR will often result in an integration of the following elements:
• CBPR involves working with the community as a unit of identity.
• CBPR builds on strengths and resources within the community.
• CBPR involves collaborative and equal involvement of all partners in all phases of the research process.
• CPBR integrates knowledge for mutual benefit of all partners.
• CBPR attends to social inequalities through a colearning and empowering process.
• CBPR involves a cyclical and iterative process.
• CBPR addresses health from both positive and ecological perspectives.
• CBPR disseminates findings and knowledge gained to all partners.
• CBPR involves a long-term commitment by all partners.
Each of these points is discussed below.
CBPR Involves Working with the Community as a Unit of Identity
In CBPR, the community is regarded as having collective and individual identities. Units of identity, such as membership in a family, friendship network, or geographic neighborhood, are all socially constructed dimensions of identity, created and recreated through social interactions [41] . A community may be a defined geographic neighborhood or a geographically dispersed ethnic group, and share a sense of identity or emotional relation to other members, shared values and norms, mutual influence, common interests, and commitment to meeting shared needs [42] . One of the aims of CBPR is to identify and work with existing communities of identity, and to strengthen the sense of community through communal engagement to achieve desired health outcomes [43] .
CBPR Builds on Strengths and Resources within the Community
Another goal of CBPR is to identify and build on community resources. This includes building on strengths and relationships that already exist within communities of identity, and supporting social structures and processes that improve community members' ability to work together to improve health outcomes [44] . Strengths include individual skills and assets of community members or 'human capital', existing networks or relationships defined by trust, cooperation and commitment or 'social capital'; and structures of influence and/or places of gathering within the community such as churches or schools [29, [45] [46] [47] [48] .
CBPR

Involves Collaborative and Equal Involvement of all Partners in all Phases of the Research Process
A unique aspect of CBPR is that it involves collaborative partnership with community members and/or organizations; within these partnerships, all involved parties participate as equal members and share control over all phases of the research process. This includes problem definition, data collection, interpretation of results, and application of the results to address community concerns [49] . Additionally, while communities contain many individual/organizational resources, outside resources may also prove to be beneficial. Hence, CBPR also involves individuals and groups from outside the immediate community, such as academia, health and human service organization representatives, community-based organizations, etc. These partnerships focus on identifying issues and concerns of the community, and creating and testing processes that enable all parties to participate in intervention efforts [50] .
CPBR Integrates Knowledge for Mutual Benefit of all Partners
An important tenet of the CBPR method is that it seeks to build a broad information base within the plethora of health and well-being knowledge, and integrate that knowledge with intervention efforts to address specific concerns of the communities involved [51] . As a result, interventions are well-informed, and new understandings may surface as participants reflect after the interventions.
CBPR Attends to Social Inequalities through a CoLearning and Empowering Process
CBPR emphasizes a reciprocal transfer of knowledge, skills, capacity, and power, which promotes a co-learning and empowering process [49] . Researchers aim to gain a local understanding of history, customs and common practices of community members, and community members acquire skills in conducting research [52] . In marginalized communities, CBPR researchers understand the importance of recognizing the inequalities between themselves and community participants, and the ways that these inequalities present in the communities may influence participation and influence in collective research and action [53] . Addressing these inequalities involves attention, respect and awareness of the knowledge of community members, and a strong emphasis on mutual decision-making, sharing knowledge and resources, and support among partners. This is an approach that is emphasized in CBPR [49] .
CBPR Involves a Cyclical and Iterative Process
CBPR is a continuous process that includes partnership development and maintenance, community baseline assessment, problem definition, development of research methodology, data collection and analysis, interpretation of data, intervention development, policy implications, dissemination of results, applying intervention, improvement from the lessons learned, and developing measures for sustainability of intervention [54] . This feedback cycle helps inform and improve adaptability of interventions in CBPR [55] .
CBPR Addresses Health from both Positive and Ecological Perspectives
CBPR addresses the concept of health from both a positive model of health that emphasizes physical, mental, and social well-being and an ecological model of health that addresses individual, interpersonal, social, economic, cultural, historical, and political factors in determinants of health and health behavior [56] [57] [58] .
CBPR Disseminates Findings and Knowledge Gained to all Partners
When it comes to dissemination of results or findings, CBPR involves all partners involved, and proceeds in a language that is understandable and respectful, and "where ownership of knowledge is acknowledged" [50] . This means that contributions of participants are acknowledged, and where appropriate, developing coauthored publications [59] .
CBPR Involves a Long-Term Commitment by all Partners
CBPR requires a long-term commitment by all the partners involved, since an extended period of time is required for establishing trust, developing the skills and infrastructure needed for research, and creating comprehensive interventions [41, 60] . This provides reassurance for communities that outside partners and researchers are committed to sustaining the interventions.
Benefits and Perceived Drawbacks of Using the CPBR Model
Although randomized control trials are highly effective with high internal validity, they are poorly translated to diverse environments. CBPR recognizes the importance of adaptation of research findings to multiple settings. By including community stakeholders in identifying community priorities and barriers, the model allows for practical intervention planning with high external validity [12] . Language use ties in closely with the issue of knowledge dominance in many interventions. CBPR aims to make changes in the research discourse, by shifting from language that encourages "research subject" or "targeting community members" to "research participant" and "community participation" and allowing for the opportunity to integrate novel, community-sourced ideas [12, 61] . Additionally, since standard research practice is characterized by universities' control of resources, budgets, and processes, it is often dominated by White academics and may reflect institutional biases against faculty of color or perpetuate the very inequalities academics aim to address [61] . However, faculty of color may actually connect more effectively with disenfranchised groups, and CBPR addresses this by promoting diverse research teams, including staff and students from the same ethnic minority population as the community. Another important issue addressed by the model is the sustainability issue for public health researchers. Even interventions that are highly effective during implementation may not successfully integrate with the community, as seen from follow up studies. One of the main tenets of CBPR is capacity training for community members in program implementation and research to help integrate the new program into community systems. While many programs push effective' interventions through hierarchical polices, they are often unsuccessful because of mistrust from community members. CBPR is based on community engagement and involvement, where community members are treated as valuable contributing members of the process. This approach fosters greater trust and enables most effective translation of research within diverse settings [12] .
There are relatively few CBPR studies in the field of public health and this may be due to existing misconceptions about the approach. There is a misconception that every study needs to include all elements of CBPR. However, very often, full engagement with community members and comprehensive research will not be possible, due to lack of time or resources to incorporate all elements of CBPR. A more practical approach would be to uncover the type of CBPR needed to achieve the goals of their particular project, taking into account time and resource constraints. This can be achieved by engaging with community partners upfront. Furthermore, CBPR involves community members in the research process. Since these individuals are untrained in research methodology, the rigor of the CBPR method is often questioned. However, what is sacrificed in internal validity can be gained in increased external validity and greater adaptability of results to real-world settings. This method could also lead to stronger research, since some testing of interventions would not be possible without community support, and ultimately resulting in more sustainable and effective programs that are tailored to the community context and consistent with community priorities [62] .
CONCLUSION
Finally, it is important to recognize that the increase in childhood obesity suggests a greater need to identify environmental influences rather than just biological/ individual influences. CBPR has great potential in framing change efforts on multiple levels, and is emerging as one of the most practical ways of addressing the issue on a large scale. Few CBPR interventions have addressed obesity, but the ones that have incorporated CBPR have shown noteworthy results. As the gaps in health outcomes continue to increase in a society that is both multicultural and multiethnic, CBPR is very important to help find sustainable solutions. Some of the benefits of CBPR approach are interventions with greater contextual and cultural centeredness, greater retention, and strengthened community capacity. Further steps in CBPR include the need for formal training in the process and increased availability to both academically-based researchers and community members. Additionally, articulating CBPR to the academic community as a method that is rigorous and unique, is paramount in engaging academic researchers on CBPR projects.
